Abstract-Standardization of a Bioreactor for Industrial purpose is of prime importance. The construction of the Bioreactor needs a proper understanding of the different parts of the bioreactor and how they could be used. Hence the basic focus of this work was the Construction and the Standardization of the Bioreactor. The Production of Protease was done by altering the pH and checking the KL a level in the fermentation Process.
Introduction
Enzymes are biocatalysts, that catalyze (i.e. accelerate) chemical reactions [1] . In enzymatic reactions, the molecules at the beginning of the process are called substrates, and the enzyme converts them into different molecules, the products. Bacillus licheniformis is a Grampositive, spore-forming bacterium widely distributed as a saprophytic organism in the environment. B. licheniformis is a facultative anaerobe, which may allow it to grow in additional ecological niches. Optimal temperature for enzyme secretion is between 37°C to 41°C.
Component parts of a fermentation process
Regardless of the type of fermentation an established process may be divided into six basic component parts;
• The formulation of media to be used in culturing the process organism during the development of the inoculum and in the production fermenter.
• The sterilization of the medium, fermenters and ancillary equipments.
• The production of an active, pure culture in sufficient quantity to inoculate the production vessel.
• The growth of the organism in the production fermenter under optimum conditions for product formation.
• The extraction of the product and its purification.
• The disposal of effluents produced by the process. Bioreactor: Bioreactor (fermenter) is the heart of the fermentation process. In designing and construction of a bioreactor a number of points must be considered; Construction Materials: In fermentations with strict aseptic requirements, generally, it is important to select materials that can withstand repeated steam sterilization cycles. Two basic types of fermenters are used;va glass vessel with a round or flat bottom and a top flanged carrying plate. All vessels of this type have to sterilized by autoclaving. A glass cylinder with stainless steel top and bottom plates and these fermenters may be sterilized in situ, but 30 cm diameter is the upper size limit to safely withstand working pressures [10] . Temperature Control: Normally, in the design and construction of a fermenter there must be adequate provision for temperature control which will affect the design of the vessel body as heat will be produced by microbial activity and mechanical agitation [10] .
Aeration and Agitation
The type of aeration-agitation system used in a particular fermenter depends on the characteristics of the fermentation process under construction. The structural components of the fermenter involved in aeration and agitation are:
• The agitator (impeller).
• The aeration system (sparger).
• Baffles.
Volumetric Mass-Transfer Coefficient (KLa): The oxygen demand of an industrial fermentation process is normally satisfied by aerating and agitating the fermentation broth.. Rate of oxygen transfer from air bubble to the liquid phase may be described by the equation; dCL/dt = KLa(C* (NCIM 2044) obtained from N.C.L, Pune were maintained and subcultured weekly on Nutrient Agar slants. Inoculum preparation: A loopful of culture was taken out from the Nutrient Agar slant with the help of a sterile nichrome wire loop under aseptic conditions, and was used to inoculate the Alkaline Protease Producing Broth (APPB) which had already been autoclaved before inoculation. Shake flask studies: A 1.0 ml portion of the above inoculum was transferred to 8 different 250 ml side-arm flasks containing 100 ml of APPB each, with pH range varying from 7.5 to 11.0 respectively under complete aseptic conditions. Two type of centrifugation process were carried out in order to get the supernatant containing the extracellular enzyme;
• In first process, the samples were centrifuged at 4000 rpm for 40 mins.
• In second process, the samples were centrifuged at 16000 rpm for 40 mins at 4˚C. Measurement of proteolytic activity: Proteolytic activity of the organisms, recovered from the 8 different side-arm flasks of various pH ranges was determined on the basis of their ability to produce a clear zone of hydrolysis on skim milk agar plates by agar ditch method. Diameter of the zone of clearance was measured in mm. Estimation of total extracellular soluble protein: The total extracellular soluble protein content present in the supernatant was quantitatively estimated according to the Bradford method of protein estimation [9].
• The above mentioned solutions after preparation were vortexed and mixed thoroughly.
• The samples were prepared as 40 µl sample + 760 µl of distilled water + 200 µl Bradford reagent (volume was made up to 5 ml as previously mentioned).
• The spectrophotometer was set at a wavelength of 595 nm.
• The blanks were first added into clean glass cuvettes and the instrument was auto zeroed.
• Firstly, the standard solutions were added into the cuvettes and the O.D. was recorded for all the standard solutions.
• Subsequently, the samples were added into the cuvettes and the O.D. of the same was recorded.
• A graph of concentration vs. O.D. was plotted and the values of x and y were calculated.
• Using the values of x and y the concentration/200 µl was calculated. Quantification of Alkaline Protease: Protease activity was determined spectrophotometrically by the Anson method, with a slight modification. The samples were prepared by mixing 0.1 ml enzyme (supernatant) with 1.0 ml (0.5 % casein) and 1.9 ml 0.1 M Tris-HCl Buffer, at 37°C for 30 min, and then the reaction was arrested by the addition of 2.0 ml of 5% trichloroacetic acid (TCA). This mixture was centrifuged at 3500g for 20min, and the released amino acids (in supernatant) were measured as tyrosine by Folin-Lowry method. The further tests for FolinLowry were carried out as follows; Firstly, a stock solution of BSA was prepared at a concentration of 0.2 mg/ml, which was used for preparing the standard dilutions for the assay. The standards and the samples were prepared according to the table listed below: Substrate utilization: Substrate utilization was carried out in order to determine the uptake of glucose from the fermentation medium by the cells for biomass production. The yield factor (Y) is the measure of the efficiency of conversion of any one substrate into biomass and it can be used to predict the substrate concentration required to produce a certain biomass concentration. The Dinitrosalicylic acid reagent method was carried out in the following way: Firstly, a stock solution of glucose was prepared at a concentration of 1 mg/ml, which was used for preparing the standard dilutions for the assay. The standards and the samples were prepared according to the table listed below: Fermentation: The fermentation process was carried out in the form of batch mode, along with continuous aeration for 24 hrs. The fermenter used was a 3-L glass borosilicate vessel with a flat bottom and a top flanged carrying plate which had three orifices namely, one for inlet, one for outlet and one for the impeller shaft. Sterilization of the fermenter: The cleaning and sterilization of vessel and all the tubings used was primarily done with distilled water, teepol, dettol and ethyl alcohol (95%). The vessel was further placed in hot air oven after sealing the orifice with silver foil for 30 mins at 150oC. The vessel along with the tubings were kept in ultraviolet light for 30 mins before doing the actual set up. Preparation of fermentation medium: The medium used in the bioreactor for fermentation was normal APPB, The pH of the medium was adjusted to 9.5. Autoclaving: Autoclaving of the bioreactor (entire components) and the medium was done separately at 1210C for 30mins.
KLa Determination: The KLa of the bioreactor was determined by the dynamic gassing out technique.
• Collect 44 ml of the fermenter broth in an airtight bottle.
• Add 2 ml each of Manganous sulfate and Alkaline iodide-azide solutions (see appendix) in succession, right at the bottom of the bottle with separate pipettes and replace the stopper.
• Shake the bottle in the upside down direction at least six times.
• Allow the brown precipitates to settle.
• Add 2 ml of conc. sulfuric acid and shake the stoppered bottle to dissolve the brown precipitate.
• Take 50 ml of sample in a conical flask and titrate with Sodium thiosulphate solution (0.025N), taken in the burette, till the colour changes to pale straw.
• Add two drops of starch indicator to the above flask, which changes the colour of the contents from pale straw to blue. Inoculation of fermenter: The microbial inoculum was added into the inoculum flask by maintaining aseptic conditions, and this inoculum was then added through inoculum port in the bioreactor aseptically, within the LAF. Downstream Processing: An important part of the fermentation process is the product recovery step, also known as downstream processing. After fermentation is over, the raw broth is treated in a series of steps to obtain the final product. Procedures used for downstream processing could be physical, chemical or biological method. In this case, cold centrifugation procedure was applied to carry out the downstream processing: 10 ml of the fermenter broth was removed and collected in the centrifuge tubes The broth was then centrifuged at 16,000 rpm for 40 mins at 4oC .The supernatant was collected and used for the further assays. Estimation of total dry biomass: The cell mass deposited at the bottom of the centrifuge tube was washed, poured on Whatman filter paper No-I and dried in hot air oven at 70oC for 24 hrs and its weight was measured. The amount of total dry biomass was calculated as mg/ml.
Observation and Results
pH optimization: The growth curve of 8 different 250 ml side-arm flasks containing 100 ml of APPB each, with pH range varying from 7.5 to 11.0 was plotted according to the O.D. readings obtained on colorimeter at 540 nm. Table 4 -O.D. value of different pH range at 540 nm Discussion Shake flask studies: B. licheniformis showed maximum growth at pH 8.0 as compared its growth at other various respective pH range varying from pH 7.5 to pH 11.0. During growth studies, the maximum biomass or cell mass was obtained in between 18 hrs to 24 hrs. The growth curve of B. licheniformis showed three main stages, the lag phase from 0 hrs to 4 hrs, log phase from 4 hrs to 16 hrs and stationary phase from 16 hrs to 24 hrs. The production of alkaline protease from B. licheniformis is greatly influenced by initial culture pH. The optimum pH for production of alkaline protease by B. licheniformis was 9.5, whereas, for Bacillus subtilis and Bacillus cereus it has been shown to be pH 8.2 and pH 9.0 respectively [2, 8] . In the present study, however, the most significant level of growth and production of protease was supported by pH ranging between 8.0 to 9.5. The stationary phase during the growth of the organism was found to be the best at pH 9.5 as compared to other pH range.
The entire fermentation process was carried out at room temperature (37oC).The total soluble extracellular protein content of the fermentation medium at each and every pH range was estimated using the Bradford method of protein estimation. The different pH ranges being assayed for total extracellular soluble protein content was found to be at pH 9.5, and was calculated to be 12.14 µg/ml. Maximum activity was found at pH 9.5, below or above which the activity decreased gradually as visualized from the zone of clearance on the SMA plates and as estimated by Anson method and Folin-Lowry method. The uptake of glucose from the fermentation medium by the cells for biomass production was found to be maximum at pH 10.0 followed by pH 7.5. Glucose was least utilized at pH 8.5 and 11.0, followed by pH 9.5, pH 10.5, pH 9.0 and pH 8.0. Bioreactor studies: From the previous shake flask studies, pH 9.5 was selected to be the optimum pH range for the fermentation medium used in the bioreactor for the production of the alkaline protease. The growth curve of B. licheniformis at pH 9.5 showed four main stages, the lag phase from 0 hrs to 2 hrs, log phase from 2 hrs to 10 hrs, stationary phase from 10 hrs to 18 hrs and death phase from 18 hrs to 24 hrs and beyond. Other fermentation parameters such as temperature, aeration, and agitation were standardized and kept constant for the entire fermentation period (24 hrs). The KLa value depends upon the design and operating conditions of the fermenter and will be affected by variables such as aeration rate, agitation rate and impeller design, thus their effects were also studied. The agitation rate was maintained constantly at 120 rpm (approximately) and the volumetric mass-transfer coefficient (KLa) of the bioreactor was estimated to be 0.0855.The total extracellular soluble protein content increased gradually as the fermentation process proceeded, and at the end of the process it was calculated to be 13.57 µg/ml. The maximum production was found to be between 12th and 16th hour (stationary phase) of the fermentation process (2.50 µg/ml -3.89 µg/ml), and the total amount of alkaline protease (crude) produced at the end of the process was calculated to be 5.50 µg/ml. The amount of total biomass produced (x) was calculated to be 2 mg/ml. The initial substrate concentration (SR) was 10 mg/ml, whereas the residual substrate concentration (s) was 5.56 mg/ml. Thus, the Y (yield factor) at the end of the fermentation process was calculated to be 0.45. All these findings may help in making new strategies in scale-up for the production of alkaline protease from B. licheniformis. Substrate utilization:The DNSA method was carried out to determine the substrate utilization. The assay was carried out on colorimeter at 540 nm. The DNSA method for the pH samples were carried out as mentioned earlier. Bioreactor studies: KLa Estimation: The KLa of the bioreactor was determined according to dynamic gassing-out technique.The dissolved oxygen of the bioreactor was calculated according to the following formula; DO (in mg/l) = (8*x1000xNxn)/V 
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